Bone morphogenetic proteins (BMPs) induce ectopic cartilage and bone when implanted intramuscularly in adult rats. Expression data suggest that BMPs signal skeletal development in embryos. An important question is which cells are targets of BMP signaling in adult and embryonic tissues. Here, we examined the effect of BMP-2 on micromass cultures of chick limb bud mesenchyme. We report that BMP-2 promotes formation of cartilage and simultaneously inhibits development of muscle cells. To follow the fate of presumptive muscle cells, we replaced chick somites with quail somites at the wing level and made micromass cultures from the chimeric wings. In untreated cultures, quail cells formed muscle but not cartilage. In BMP-2-treated cultures, quail cells disappeared altogether. This suggests that BMP-2 may simultaneously promote cartilage differentiation and reduce the presumptive myogenic cell populations in regions of skeletal development. ᭧
INTRODUCTION
in cartilage initiation. Mesenchymal cells of the limb are indistinguishable morphologically but are a mixture of preBone morphogenetic proteins (BMPs) are a family of sesumptive muscular cells and connective tissue which have creted signaling proteins that are able to induce formation of different embryological origins (reviewed by Christ and Orectopic cartilage and bone when implanted at intramuscular dahl, 1995). sites in adult rats (Wozney et al., 1988; Kingsley, 1994) .
To investigate the effects of BMP-2 on chondrogenic and Nothing is known about the origin of cells recruited to bemyogenic cell lineages, we used micromass cultures of discome cartilage and bone at these ectopic sites. One possibilsociated chick wing bud mesenchyme. When these cells are ity is that BMP-2 recruits muscle cells to a chondrogenic plated at high density, they subsequently differentiate into fate. Expression data and recent analysis of skeletal mutacartilage and muscle (Swalla and Solursh, 1986) . tions suggest that BMP family members provide an overlapping set of signals that initiate cartilage formation in different parts of the body during embryonic development (Kings-
MATERIALS AND METHODS
ley, 1994). BMP-2 is expressed during mesenchyme condensation in the limb (Kingsley, 1994) , suggesting a role
Construction of a Recombinant Retroviral Plasmid Encoding Human BMP-2
The human BMP-2 (hBMP-2) coding region was excised from 1 To whom correspondence should be addressed at Institut d'Embryologie du CNRS et du collège de France, 49 bis avenue de la plasmid PSP65 (Wozney et al., 1988) (Wozney et al., 1988) .
tilage with Alcian blue.
The finding that myogenic cells were lost from cultures treated with BMP-2 was unexpected and differs from studies showing that BMP-2 converts cultured C2C12
RESULTS AND DISCUSSION
myoblasts and primary muscle cells to osteoblast lineage (Katagiri et al., 1994) . This suggests that the inhibitory Micromass cultures of stage 21/22 chick wing bud meseffects of BMP-2 might be restricted to a population of enchyme were treated with BMP-2-containing supernaearly myoblasts found in the micromasses. The effect tant from cultures of Q2bn cells stably transfected with of BMP-2 would then differ from that of TGF-b, which plasmid hBMP-2/pCRNCM. There was a marked ininhibits muscle-specific gene expression in primary culcrease in formation of cartilage nodules, as determined tures of fetal (late) skeletal myoblasts, but has no effect by Alcian blue staining (Figs. 1C and 1D ), compared to on embryonic (early) myoblasts (Cusella-De Angelis et untreated control cultures (Figs. 1A and 1B) or to cultures al., 1994; Olson, 1992) or on myoblasts in chick wing treated with supernatant from Q2bn cells stably bud micromasses (Schofield and Wolpert, 1990) . It may transfected with Control/pCRNCM (Figs. 1E and 1F) . A be that BMP-2 is involved in regulating early myogenesis, similar effect was obtained by Roark and Greer (1994) , while TGF-b regulates the late phase of myogenesis. The who treated micromass cultures of stage 24/25 forelimb mechanism by which BMP-2 inhibits muscle developbud mesenchyme with recombinant hBMP-2. In contrast, ment in micromass culture remains to be determined. muscle cells were almost completely absent from hBMP-BMP-2 could inhibit proliferation or induce presumptive 2/pCRNCM-treated cultures (Figs. 1C and 1D) , whereas muscle cells to undergo apoptosis. BMP-4, which is muscle cells were abundant in untreated (Figs. 1A and closely related to BMP-2, can regulate cell death in the 1B) and in Control/pCRNCM-treated cultures (Figs. 1E developing hindbrain (Graham et al., 1994) . and 1F). Thus, enhancement of cartilage nodules was acDuring normal limb development, potential myogenic companied by inhibition of muscle development in cells are at first diffusely distributed and later become hBMP-2-treated cultures.
regionalized into dorsal and ventral muscle masses Chondrogenesis and myogenesis occur independently (Christ and Ordahl, 1995) . BMP-2 produced during early of each other in micromass cultures, so that treatments skeletal development could eliminate myogenic cells in that enhance chondrogenesis do not automatically inthese regions and thus help to regulate both muscle and hibit myogenesis (Swalla and Solursh, 1986) . The simultaneous effect of hBMP-2 in promoting chondrogenesis skeleton position. 
